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Coiled tubing actuated sampler.

A coiled tubing conveyed sampling apparatus
(40) includes an actuator housing (44,46) having
a housing interior (80) and having a proximal
housing end (82) including a connector (84) for
connecting the housing to a coiled tubing string
(30) so that a tubing bore (100) of the coiled
tubing string is communicated with the housing
interior. A one-way check valve (114) is dis-
posed in the housing interior (80) and allows
well fluid from the well bore to fill the tubing
bore (100) of the coiled tubing string as the
sampling apparatus (40) is run into the well. The
check valve (114) isolates the tubing bore (100)
of the coiled tubing string (30) from the well
when pressure in the tubing bore (100) exceeds
pressure in the well. A sampling tool is attached
to a lower end of the actuator housing (46). A
pressure responsive actuator (92,94,120,114) is
disposed in the housing interior (80) and
actuates the sampling tool in response to press-
ure in the tubing bore (100) of the coiled tubing
string (30) exceeding pressure in the well by a
first predetermined value so that a well fluid
sample is drawn into the sampling tool and
trapped in the sampling tool. The apparatus is
especially useful in taking samples from hori-
zontal portions of highly deviated wells.
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The present invention relates to a coiled tubing
conveyed sampling apparatus, and to a method of ob-
taining a sample of well fluid.

It is becoming a common practice to drill highly
deviated wells often referred to as horizontal wells.
Such a highly deviated or horizontal well typically in-
cludes a substantially vertical portion followed by a
radiused portion which leads to a substantially hori-
zontal portion of the well bore which runs for substan-
tial distances horizontally through a subsurface for-
mation from which oil or gas is to be produced.

Many testing tools which are designed for use on
wireline cannot function satisfactorily in horizontal
wells because of the fact that the wireline tools which
depend on gravity for their motive force cannot extend
outward into a horizontal portion of the well.

The present invention provides a sampler con-
structed to be run on coiled tubing. The sampler is
constructed to be actuated in response to an increase
in pressure within the coiled tubing and thus provides
positive surface control of actuation of the sampler.
The sampler is especially useful in horizontal wells
since, unlike wireline conveyed samplers, the coiled
tubing can be used to move the sampler into the hor-
izontal portion of the well.

According to the present invention, there is pro-
vided a coiled tubing conveyed sampling apparatus
which comprises an actuator housing having a hous-
ing interior and having a proximal housing end includ-
ing connector means for connecting said housing to
a coiled tubing string so that a tubing bore of said
coiled tubing string communicates with said housing
interior; check valve means, disposed in said housing
interior for allowing well fluid from a well bore to fill
said tubing bore of said coiled tubing string as said
sampling apparatus is run into said well bore on said
coiled tubing string, and for isolating said tubing bore
from said well bore when pressure in said tubing bore
exceeds pressure in said well bore; a sampling tool at-
tached to said actuator housing; and pressure re-
sponsive actuator means disposed in said housing in-
terior for actuating said sampling tool in response to
pressure in said tubing bore exceeding pressure in
said well bore by a first value so that a well fluid sam-
ple is trapped in said sampling tool.

Preferably, a relief and drain valve is also provid-
ed for relieving pressure from the tubing bore to the
well bore when pressure in the tubing bore exceeds
pressure in the well bore by a second value greater
than said first value. The relief and drain valve also al-
lows fluid to drain from the tubing bore when the
coiled tubing string and sampling apparatus are sub-
sequently retrieved from the well bore.

Methods of taking well fluid samples using such
an apparatus include the steps of:

(a) running a sampling tool into the well on a

coiled tubing string;

(b) during step (a), filling the coiled tubing string
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with well fluid through a fill port communicating

a tubing bore of the coiled tubing string with the

well;

(c) increasing tubing pressure in the coiled tubing

string and in response to said increasing pres-

sure;
(1) closing said fill port;
(2) actuating said sampling tool to trap a well
fluid sample therein; and
(3) opening a drain port communicating the
tubing bore with the well;

(d) retrieving said coiled tubing string and the

sampling tool from the well; and

(e) during step (d), draining said tubing bore

through said drain port.

The invention also includes a coiled tubing con-
veyed sampling apparatus, comprising: a coiled tub-
ing string having a tubing bore; a housing having an
upper end connected to said coiled tubing string and
having an actuating chamber and a sampling cham-
ber defined therein, said actuating chamber being
communicated with said tubing bore; an actuator pis-
ton disposed in said housing and communicated with
said actuating chamber, said actuator piston being
movable from a first position to a second position rel-
ative to said housing in response to an increase in flu-
id pressure communicated to said actuating chamber
through said tubing bore of said coiled tubing string;
and a sampling valve assembly having an initial pos-
ition wherein said sampling chamber is empty, an in-
termediate position wherein said sample chamber is
free tofill with a well fluid sample, and a final position
wherein said well fluid sample is trapped in said sam-
ple chamber, said sampling valve assembly being op-
erably associated with said actuator piston so that in
response to said actuator piston moving from its said
first position to its said second position said sampling
valve assembly is released from its said initial posi-
tion.

The invention further includes a pressure operat-
ed actuator for a sampling tool, comprising: an actua-
tor housing having proximal and distal ends, a central
housing passage extending longitudinally from prox-
imal end to said distal end, a housing exterior, a fill
passage communicating said housing exterior with
said central housing passage, and a relief port com-
municating said housing exterior with said central
housing passage; an actuator sleeve slidably re-
ceived in said central housing passage, said actuator
sleeve having an initial position wherein said relief
port is blocked and said fill port is open, and a final
position located distally from said initial position
wherein said relief port is open, said actuator sleeve
having a sleeve bore defined longitudinally there-
through; and a one-way check valve disposed in said
sleeve bore at a position proximal from said relief port
and carried by said actuator sleeve, said check valve
being oriented to permit flow through said sleeve bore
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in a proximal direction and to prevent flow through
said sleeve bore in a distal direction.

The invention also provides a tubing pressure ac-
tuated well sampling apparatus to be run on a tubing
string, comprising: a housing having an actuating
chamber defined therein, and having an open proxi-
mal housing end including a connector adapted to
connect said housing to said tubing string so that said
actuating chamber communicates with a tubing bore
of said tubing string; said housing further including a
low pressure zone and a sample chamber defined
therein, and including a housing exterior and a sam-
pling passage communicating said housing exterior
with said sample chamber; a sampling valve received
in said housing and having a differential pressure
power piston associated therewith, said power piston
having first and second sides communicable with said
housing exterior and said low pressure zone, respec-
tively, said sampling valve being movable by said
power piston to close said sampling passage and trap
a well fluid sample in said sample chamber; a hydraul-
ic blocking valve disposed hydraulically between said
power piston and one of said housing exterior and
said low pressure zone, said hydraulic blocking valve
having a closed position which hydraulically blocks
said power piston from moving, and an open position
which permits said power piston to be moved by a dif-
ferential pressure between said housing exterior and
said low pressure zone; a pressure responsive ac-
tuating piston disposed in said actuating chamber
and having a first side communicated with said open
proximal end of said housing and a second side com-
municated with said housing exterior, said actuating
piston being movable distally by a pressure differen-
tial from said first side toward said second side there-
of when a pressure increase is applied to said tubing
bore; and an actuator, operably associated with said
power piston and said hydraulic blocking valve, said
actuator being movable by said actuating piston to
move said hydraulic blocking valve to its said open
position.

In order that the invention may be more fully un-
derstood, embodiments thereof will now be descri-
bed, by way of example only, with reference to the ac-
companying drawings, wherein:

Fig. 1 is a schematic elevational view of a highly
deviated well including a vertical portion and a hori-
zontal portion. A coiled tubing string carrying an em-
bodiment of sampling apparatus of the presentinven-
tion is shown in place with the sampling apparatus lo-
cated in the horizontal portion of the well.

Figs. 2A-2L comprise an elevational partly sec-
tioned view of one embodiment of sampling appara-
tus of the present invention in an initial position as it
would be run into the well. The one-way check valve
is shown in an open position so that well fluid is filling
the tubing string on which the sampling apparatus is
being run into the well.
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FIGS. 3A-3G comprise a view similar to FIGS.
2A-2G of the upper portion of the apparatus of FIGS.
2A-2L showing the sampling apparatus in an inter-
mediate position wherein the sampling tool has been
actuated, and a sample is flowing into the sample
chamber.

FIGS. 4A-4G comprise an elevation partly sec-
tioned view similar to FIGS. 2A-2G again of only the
upper portion of the tool showing the tool in a final
position wherein the sample chamber is closed trap-
ping a sample therein and wherein a relief valve has
opened to allow the coiled tubing string to drain as the
coiled tubing string and sampler apparatus are re-
trieved from the well.

Referring now to FIG. 1, a typical highly deviated
well is thereshown and generally designated by the
numeral 10. The well 10 is constructed by drilling a
bore hole 12 having a substantially vertical portion
14, a radiused portion 16, and a generally horizontal
or substantially horizontal bore hole portion 18. It will
be understood that the generally horizontal portion 18
need not be exactly horizontal. It does, however, have
such a shallow slope that conventional wireline con-
veyed tools cannot be run into the horizontal portion
of the well.

The well bore 14, and particularly the horizontal
portion 18 thereof is shown as intersecting a subsur-
face formation 20 from which oil or gas is to be pro-
duced.

The well 10 is shown as having casing 22 cement-
ed in the vertical portion and part of the horizontal
portion thereof by cement 24. The distal part of the
horizontal portion 18 thereof remains uncased. A
length of slotted liner 23 extends from the distal end
of casing 22 into the uncased portion of the hole. Liner
23 has slots 25 which communicate with the open
bore hole and thus with formation 20. Production tub-
ing or drill pipe 27 may be placed in the casing 22, and
is sealed near the distal end thereof by packer 29.

The upper end of the well is closed by a conven-
tional well head assembly schematically illustrated at
26. Coiled tubing injectors 28 are used to pass a
coiled tubing string 30 from a conventional coiled
tubing reel (not shown) down through the well head
26 into the well 10.

Located on the earth’s surface 32 at a location
adjacent the well head 26 is a source of fluid under
pressure 34 which is communicated with the coiled
tubing string 30 through a pressure supply line 36
having a control valve 38 disposed therein. It will be
understood that the pressure supply conduit 36 will
be connected to the coiled tubing reel (not shown) in
a conventional manner so as to supply fluid pressure
to a tubing bore of the coiled tubing string 30.

Asampler apparatus 40 is schematically illustrat-
ed in FIG. 1 as being carried on the lower end of coiled
tubing string 30 into the horizontal portion 18 of bore
hole 12. It will be understood that other tools could be
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run on the tubing string 30 in addition to the sampler
40, and additionally that centralizers or packers could
be run therewith to position the sampler 40 within the
bore hole as desired.

It will be understood that many other types of hor-
izontal well completions could be used. For example,
the horizontal portion of the well could be an open
hole with no casing or liner.

Additionally, many aspects of the present inven-
tion are equally suitable to use in the vertical portion
of a well. Certain aspects of the invention, however,
are particularly useful in taking a sample of fluids be-
ing produced into a horizontal portion of a well as il-
lustrated in FIG. 1.

Particularly, the use of the coiled tubing string 30
to run the sampler apparatus 40 into the horizontal
portion of the well provides accurate and easy place-
ment of the sampler apparatus 40 at any desired lo-
cation along the horizontal portion 18 of the bore hole
12. This cannot be accomplished with wireline con-
veyed tools which depend on gravity as a motive force
and which cannot be moved by the wireline any sub-
stantial distance into the horizontal portion of the well.

The Sampler Apparatus

FIGS. 2A-2L comprise an elevation partly sec-
tioned view of the sampler apparatus 40 in its initial
or run-in position as it would be in when being run
down into the well 10. As is further described below,
as the apparatus 40 is run down into the well 10, well
fluid is allowed to flow into the coiled tubing string 30
to fill the coiled tubing string 30.

The sampler apparatus 40 includes a housing as-
sembly generally designated by the numeral 42. The
housing assembly 42 is made up of a number of tub-
ular sections threadedly connected together with ap-
propriate seals therebetween.

The housing assembly 42 includes from top to
bottom an upper actuator housing section 44, a lower
actuator housing section 486, a first actuator rod hous-
ing section 48, a first dump chamber housing section
50, afirst blocking valve housing section 52, afirst or-
ifice housing section 54, afirst oil housing section 56,
afirst sample valve housing section 58, afirst sample
chamber housing section 60, a second actuating rod
housing section 62, a second dump chamber housing
section 64, a second blocking valve housing section
66, a second orifice housing section 68, a second il
housing section 70, a second sample valve housing
section 72, a second sample chamber housing sec-
tion 74, a housing coupling 76 and a housing lower
end cap 78.

A bore 79 of the upper actuator housing section
44 defines an interior central housing passage 80 in
upper actuator housing section 44. Passage 80 may
also be referred to as interior 80 or as an actuating
chamber 80. Upper actuator housing section 44 has
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an open proximal end 82 having internal threads 84
defined therein for connection of the housing assem-
bly 42 to the coiled tubing string 30 in a conventional
manner. The threads 84 may be referred to as a con-
nector means 84 for connecting the sampler appara-
tus 40 to the coiled tubing string 30. When the coiled
tubing string 30 is connected to the proximal end 82
of upper actuator housing section 44, the tubing bore
of coiled tubing string 30 will be in communication
with the interior passage 80 of upper actuator housing
section 44.

As used herein, the terms proximal and distal are
used to refer to relative portions of the apparatus 40
as viewed from the surface of the well 10. Thus, the
end 82 of housing assembly 42 which is closest to the
upper end of the well 10 is referred to as the upper or
proximal end, and the other end defined by housing
lower end cap 78 is referred to as the lower or distal
end of the housing assembly 42. The terms proximal
and distal are often used herein particularly when de-
scribing movements within the horizontal portion 18
of the well since such movements are not truly up and
down in a gravitational sense although they may be
considered as upward and downward movements in
relation to the bore hole 12.

The upper actuator housing section 44 has a plur-
ality of relief and drain ports 86 defined radially there-
through to communicate a housing exterior 88 with
the housing interior passage 80.

The upper actuator housing section 44 also in-
cludes a plurality of run-in fill ports or passages 90
defined therethrough which also communicate the
housing exterior 88 with the interior housing passage
80 of actuator housing section 44.

Arelief valve sleeve 92 and an actuator sleeve 94
are threadedly connected together at 95 and are slid-
ably received within the bore 79 of upper actuator
housing section 44.

Relief valve sleeve 92 and actuator sleeve 94 are
shown in FIG. 2Ain their initial position as they would
be in when the apparatus 40 is run into the well 10.
In this initial position, relief valve sleeve 92 has upper
and lower O-ring seals 96 and 98 located above and
below the relief ports 86, respectively, so that the re-
lief ports 86 are blocked by the relief valve sleeve 92.

Relief valve sleeve 92 and actuator sleeve 94
have bores 100 and 102, respectively, defined there-
in which are communicated with each other and com-
municated by the bore 79 with the open upper end 82
of housing 42.

Actuator sleeve 94 has a plurality of ports 104 de-
fined radially therethrough which are aligned with the
run-in fill ports 90 so that well fluids from the well 10
surrounding the housing exterior 88 may flow through
the fill ports 90 and ports 104 into the actuating
chamber 80 and up into the tubing bore of coiled tub-
ing string 30 to fill the coiled tubing string 30 as it is
run into the well.
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Relief valve sleeve 92 has a retaining cage mem-
ber 106 defined therein which retains a ball check 108
in place therebelow. The upper end of actuator sleeve
94 carries an O-ring seat 110 for the ball check 108.

In FIG. 2A, the ball check 108 is seen in an up-
permost or open position against the cage 106 as it
would be in when well fluid is running through the
ports 90 and 104 and up through the bores 102 and
100 to fill the coiled tubing string 100. This fluid flows
around the ball check 108 through an irregular passa-
geway 112 which generally flows out around and back
in past the cage 106.

As further described below with regard to FIGS.
3A-3G, when pressure is subsequently applied to the
tubing bore of coiled tubing string 30, the ball check
108 will immediately fall downward against the seat
110 to prevent flow of fluids downward past the ball
108.

The ball check 108, seat 110 and retaining cage
106 may be collectively referred to as a one-way
check valve 114 disposed in the housing interior or ac-
tuating chamber 80 for allowing well fluid from the
well to fill the tubing bore of the coiled tubing string
30 as the sampling apparatus 40 is run into the well
bore 12 on the coiled tubing string 30, and for subse-
quently isolating the tubing bore of coiled tubing
string 30 from the well bore 12 when pressure in the
tubing bore exceeds the pressure in the well bore.

The actuator sleeve 94 carries an O-ring seal 116
which seals against bore 79 of upper actuator housing
section 44 below the check valve means 114.

The actuator sleeve 94 has a lower enlarged di-
ameter sleeve bore 118 defined in its lower end. An
actuator shaft 120 has its upper end received in lower
sleeve bore 118 and the two pieces are held together
by a plurality of shear pins 122.

The actuator shaft 120 has a cylindrical outer sur-
face 124 closely received within a lower bore 126 of
upper actuator housing section 44 with an O-ring seal
128 provided therebetween.

A radially outward extending annular flange por-
tion 130 of actuator shaft 120 has an enlarged diam-
eter cylindrical outer surface 132 closely received
within a bore 134 of lower actuator housing section 46
with an O-ring seal 136 provided therebetween. Be-
low flange 130 the lower portion of cylindrical outer
surface 124 of actuator shaft 120 is received within a
reduced diameter bore 138 of lower actuator housing
section 46 with an O-ring seal 140 provided there-
between.

Asis apparentin FIG. 2B, in its initial position, the
actuator shaft 120 has its flange 130 abutting a lower
end 142 of upper actuator housing section 44. The
flange 130 is spaced by a distance 144 from an up-
ward facing shoulder 146 of lower actuator housing
section 46. As is further described below, this will al-
low a travel through the distance 144 by the actuator
shaft 120, actuator sleeve 94 and relief valve sleeve
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92 as those components move from the position of
FIGS. 2A-2D to the position of FIGS. 3A-3D. Relief
holes such as 148 prevent hydraulic blockage of that
travel.

A lower end 150 of actuator shaft 120 abuts an
upper end 152 of a first actuator rod 154. The first ac-
tuator rod 154 is initially retained in the position of
FIGS. 2B-2D relative to first actuator rod housing sec-
tion 48 by a plurality of shear pins 156.

In this initial position of first actuator rod 154, its
abutment with the actuator shaft 120 holds the actua-
tor shaft 120, actuator sleeve 94 and relief valve
sleeve 92 in their initial positions illustrated in FIGS.
2A-2B.

In the embodiment illustrated in FIGS. 2A-2L,
those portions of the sampler apparatus 40 located
below the lower actuator housing section 46 make up
atandem sample chamber. As is further explained be-
low, a single sample chamber or more than two sam-
ple chambers could be provided.

Those components contained in the upper and
lower actuator housing sections 44 and 46 as just de-
scribed make up a hydraulic actuator which will ac-
tuate the sampling devices located therebelow in re-
sponse to an increase in fluid pressure applied to the
tubing bore of coiled tubing string 30.

In that regard, the entire assembly of relief valve
sleeve 92, actuator sleeve 94 and actuator shaft 120,
along with the one-way check valve 114 may be said
to make up an actuator piston or hydraulic actuator
device which will provide a downward force on first
actuator rod 154 to shear the shear pins 156 when flu-
id pressure within the tubing bore of coiled tubing
string 30 reaches a first value as determined primar-
ily by the selection and construction of the shear pins
156. It will be understood that the pressure within the
tubing bore of coiled tubing string 30 acts downward
across the entire circular area defined within the O-
ring seal 116 as it contacts bore 79 below the check
valve 114. There will be to some extent offsetting up-
ward fluid forces acting on certain portions of this as-
sembly due to well fluid in contact therewith. Thus, the
actuating pressure in the tubing bore of coiled tubing
string 30 will have to exceed the exterior well fluid
pressure by a first value determined by shear pins
156 to push downward on that assembly with suffi-
cient force to shear the shear pins 156.

Before continuing with a description of the oper-
ation of the sampling devices of sampling apparatus
40 located below the lower actuator housing section
486, itis convenient to describe the operation of the ac-
tuator assembly just described with reference to the
subsequent positions shown in FIGS. 3 and 4, respec-
tively.

FIGS. 3A-3G illustrate an intermediate position
of the sampling apparatus 40. In FIGS. 3A-3D, suffi-
cient pressure has been applied to the tubing bore of
coiled tubing string 30 to shear the shear pins 156
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and move the actuator shaft 120, actuator sleeve 94
and relief valve sleeve 92 downward through the trav-
el 144 until the shoulder 130 of actuator shaft 120
bottoms out against upward facing shoulder 146 of
lower actuator housing section 46 as seen in FIG. 3B,
or until lower end 150 of actuator shaft 120 abuts the
upper end of first actuator rod housing section 48. It
is apparent that this downward movement also forces
the first actuator rod 154 downward through that
same distance 144, which as further described below
will actuate the first one of the tandem sample cham-
bers.

In the intermediate position of FIG. 3A, the relief
ports 86 are still closed by the relief valve sleeve 92.

Continued application of increasing internal pres-
sure to the tubing bore of coiled tubing string 30 will
cause the shear pins 122 initially holding the actuator
sleeve 94 in place relative to actuator shaft 120, thus
allowing actuator sleeve 94 and relief valve sleeve 92
to continue moving downward from the position of
FIGS. 3A-3B to the position of FIGS. 4A-4B wherein
a downward facing shoulder 158 of actuator sleeve 94
abuts a chamfered edge 160 at the upper end of ac-
tuator shaft 120. In this final position of actuator
sleeve 94 and relief valve sleeve 92, the uppermost
seal 96 of relief valve sleeve 92 has moved below the
relief ports 86 thus communicating the actuating
chamber 80 with the exterior surface 88 of housing
42. This relieves pressure from the coiled tubing
string 30 and upon subsequent retrieval of the coiled
tubing string 30 and sampler apparatus 40 will allow
well fluid to drain from the coiled tubing string 30 back
into the well bore 12.

The relief valve sleeve 92 and actuator sleeve 94,
and their frangible connection to actuator shaft 120
by shear pins 122, in combination with the relief ports
86 can be described as providing a relief and drain
valve means for relieving pressure from the tubing
bore of coiled tubing string 30 to the well bore 12
when pressure in the tubing bore exceeds pressure in
the well bore by a second value greater than the first
valve at which the shear pins 156 initially shear to al-
low actuation of the sampling device located therebe-
low. This second value is determined by the selection
of shear pins 122. This relief and drain valve means
also allows fluid to drain from the tubing bore of the
coiled tubing string 30 when the sampling apparatus
40 and coiled tubing string 30 are retrieved from the
well.

The relief valve sleeve 92 and actuator sleeve 94
collectively can be referred to as a sliding sleeve
valve 92, 94 received within the housing interior 80
and slidable from the first position shown in FIGS. 2A-
2B when the relief ports 86 are closed to the second
position shown in FIGS. 4A-4B wherein the relief
ports 86 are open. This sliding sleeve valve can be
said to carry the check valve means 114 therein.

The shear pins 122 can be generally described as
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a releasable attachment means 122 for initially re-
leasably attaching the actuator sleeve 94 and relief
valve sleeve 92 to the actuator shaft 120 and for re-
leasing the actuator sleeve 94 and relief valve sleeve
92 from the actuator shaft after the sampling device
located therebelow is actuated and before the relief
ports 86 are opened.

Returning now to FIGS. 2A-2L, the tandem sam-
pling devices located below the actuator housing 44,
46 will be described.

The first actuator rod 154 is a solid cylindrical
member, the upper portion of which is slidably re-
ceived within a bore 162 of first actuator rod housing
section 48 and a bore 164 of first dump chamber
housing section 50. The lowermost portion of first ac-
tuator rod 154 extends through an enlarged inner di-
ameter bore 166 of first dump chamber housing sec-
tion 50 so that a lengthy annular chamber 168 is de-
fined therebetween. As is further explained below,
the annular chamber 168 upon initial assembly of the
tool will be preferably filled with air or other gas at at-
mospheric conditions and thus will define a low pres-
sure zone or low pressure chamber 168 within the tool
40.

The lower end of first actuator rod 154 is associ-
ated with a first hydraulic blocking valve 170 made up
of a valve spool 172 and valve sleeve 174. The first
actuating rod 154 is attached to the valve sleeve 174
at threaded connection 176 so that valve sleeve 174
moves with first actuating rod 154.

The valve spool 172 has an enlarged diameter
portion 178 which is closely received within a bore
180 of the first blocking valve housing section 52 with
an O-ring seal 182 provided therebetween. A proxi-
mally extending neck portion 184 of valve spool 172
extends upward or proximally into a reduced diameter
bore 186 of first blocking valve housing section 52,
with a sufficient annular space therebetween to re-
ceive valve sleeve 174.

The valve sleeve 174 has an inner bore 188
closely received about a cylindrical outer surface 190
of neck portion 184.

Valve spool 172 includes a relatively small axial
passage 192 extending from its distal end 194 to a
blind end within the neck portion 184. A plurality of ra-
dial ports such as 194 communicate axial passage
192 with cylindrical outer surface 190 between a pair
of annular O-rings 196 and 198 which circumscribe
outer surface 190.

In the initial position of the blocking valve 170
seen in FIG. 2D, the radial ports 194 are blocked by
the valve sleeve 174.

The valve sleeve 174 includes a plurality of
sleeve ports 200. When the first actuating rod 154
moves downward through a distance substantially the
same as travel 144 when actuator shaft 120 shears
the shear pins 156, the valve sleeve 174 of blocking
valve 170 will move downward through that same dis-
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tance which will place the sleeve ports 200 between
O-rings 196 and 198 and thus in registry with the ra-
dial ports 194 of valve spool 172 thus providing an
open flow passage through the blocking valve 170 to
the low pressure zone 168. As is further described be-
low, this will allow the flow of hydraulic fluid through
the blocking valve 170 which subsequently will allow
the sampling tool located therebelow to move through
appropriate positions such as to draw in and trap a
sample of well fluid.

Located below the hydraulic blocking valve 170 is
an orifice carrier 202 which is attached to first orifice
housing section 54 at threaded connection 204 with
an O-ring 206 being provided therebetween.

The first oil housing section 56 has an oil cham-
ber 208 defined therein which is filled with a hydraulic
fluid such as silicon oil or other hydraulic oil. The first
orifice housing section 54 has an axial bore 210 de-
fined therein which is communicated with oil chamber
208 and which is also filled with the hydraulic fluid.

The orifice carrier 202 has an axial passage 212
defined therein which is also communicated with the
axial bore 210 of first orifice housing section 54 and
thus is filled with the hydraulic fluid.

The proximal end of orifice carrier 202 has a rel-
atively small orifice 214 defined therein which is com-
municated with the axial passage 212.

As will be further described below, the hydraulic
fluid contained in oil chamber 208 will be substantially
at the pressure of well fluid contained within the well
bore 12 and thus will be at a much higher pressure
than is the gas trapped in low pressure zone 168.
Thus when the hydraulic blocking valve 170 is
opened, oil from oil chamber 208 will slowly meter
through the small orifice 214 and will flow through the
blocking valve 170 into the low pressure zone 168. As
further described below, this relatively slow control-
led metered flow of oil will permit a controlled relative-
ly slow movement of the components located there-
below which allow a well fluid sample to flow into a
sample chamber and subsequently be trapped there-
in.

Received within the lower portion of first oil hous-
ing section 56, the first sample valve housing section
58, and the upper portion of first sample chamber
housing section 60 is a sampler valve spool assembly
216 having an upper spool portion 218 and a lower
spool portion 220 joined together at threaded connec-
tion 222.

The upper portion 218 of sampler valve spool as-
sembly 216 includes an enlarged diameter uppermost
cylindrical outer surface 224 closely received in an
enlarged diameter bore 226 of first oil housing section
56 with an O-ring seal 228 provided therebetween. A
lower smaller diameter cylindrical outer surface 230
of upper spool portion 218 is closely received within
a reduced diameter bore 232 with an O-ring seal 234
provided therebetween.
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The first oil housing section 56 has a plurality of
sample fill ports 236 defined radially therethrough
communicated with the smaller diameter bore portion
232 thereof. When the sample valve spool assembly
216 is in its initial position shown in FIGS. 2E-2F, the
fill ports 216 are located between O-ring seals 228
and 234 and thus are closed. Due to the differential
area between O-ring seals 228 and 234 it will be ap-
parent that there will be an upward acting pressure
differential on the sampler valve spool assembly 216
due to hydraulic pressure entering the sampler fill
ports 236. So long as the hydraulic blocking valve 170
is closed, the sampler spool valve assembly 216 is hy-
draulically blocked from upward movement due to the
fact that the oil chamber 208 is filled with a relatively
incompressible hydraulic oil. When the blocking valve
170 is opened, oil from oil chamber 208 will begin to
slowly flow outward through the metering orifice 214
and thus will allow a slow upward movement of sam-
pler valve spool assembly 216 relative to the housing
42,

FIGS. 3E-3F illustrate the sampler valve spool
assembly 216 at an intermediate position in its up-
ward travel wherein the O-ring 234 has moved up-
ward past sample valve fill ports 236 which will allow
well fluid to then begin to fill a sample chamber 238.

The well fluid entering sample fill ports 236 flows
to sample chamber 238 through a relatively distorted
path which may be referred to as a sampling passage.
First the fluid enters an annular space 240 defined
between the upper portion 218 of sampler spool valve
assembly 216 and the bore 232. Fluid then flows in-
ward through radial ports 242 of the upper spool por-
tion 218 into an axial bore 244 of upper spool portion
218 from which it is communicated to an axial bore
246 of lower spool portion 220 and then flows out-
ward through radial ports 248 of lower spool portion
220, then through an annular space 250 between low-
er spool portion 220 and a bore 252 of first sample
valve housing section 58, then through a plurality of
radial slots 254 defined in an inner sleeve portion 256
of first sample valve housing section 58 and thus into
the sample chamber 238.

The inner sleeve portion 256 of first sample valve
housing section 58 serves as part of a sample trap-
ping valve 258. An enlarged diameter cylindrical outer
surface 260 of lower spool portion 220 is closely re-
ceived within a bore 262 of inner sleeve 256 and car-
ries first and second O-rings 264 and 266 which seal
between outer surface 260 and bore 262.

As is apparent in FIG. 3E, when the spool valve
assembly 216 moves upward a sufficient distance to
move seal 234 past sample fill ports 236, well fluid
sample will begin flowing through the passage just
described into the sample chamber 238 above afloat-
ing piston 268.

As the spool assembly 216 continues its slow
controlled upward movement due to metering of oil
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through orifice 214, the well fluid sample will relative-
ly quickly flow into the sample chamber 238 filling the
sample chamber 238. As is apparent from comparing
FIGS. 2G and 3G, as the well fluid sample flows in-
ward, it will quickly move the floating piston 268
downward through the sample chamber 238. The
sample chamber 238 below floating piston 268 will
contain only air at atmospheric pressure upon assem-
bly of the tool, and that air will be compressed and be
of no consequence to the operation of the tool.

As is seen in FIG. 3G, the hydraulic pressure
pushing strongly downward on floating piston 268
due to the pressure of well fluid in the well bore 12 will
cause the floating piston 268 to push downward on a
second actuating rod 270 thus shearing a second set
of shear pins 272.

The second actuating rod housing section 62 and
those components of tool 40 contained therein and lo-
cated therebelow comprise a second sampling device
substantially identical to the sampling device just de-
scribed.

The second actuator rod 270 has its lower end
connected to a second hydraulic blocking valve 274
including spool portion 276 and sleeve portion 278.
Located below second hydraulic blocking valve 274 is
a second orifice carrier 280 having a second orifice
282 defined therein. A second sampler valve spool
assembly 284 has its upper power piston portion 288
and its lower sampler trapping valve portion 289.
There is also a second floating piston 290.

The floating piston 268 may be described as a
displaceable member 268 which is moved from its
first position of FIG. 2G to its second position of FIG.
3G as the first sample chamber 238 fills with a well
fluid sample.

The second actuator rod 270 and second hy-
draulic blocking valve 274 may be referred to as an
actuator assembly 270, 274 operably associated with
the second sampler spool valve assembly 284 and
with the displaceable member 268. The actuator as-
sembly 270, 274 has an unactuated position as seen
in FIGS. 2G-2I and an actuated position as seen in
FIG. 3G. The displaceable member 268 and the ac-
tuator assembly 270, 274 are so arranged and con-
structed that the displaceable member 268 engages
the actuator assembly 270, 274 and moves the actua-
tor assembly 270, 274 to its actuated position as the
displaceable member 268 moves from its first posi-
tion of FIG. 2G to its second position of FIG. 3G.

To continue the description of the trapping of the
first sample, reference is made to FIGS. 3E-F and 4E-
F. As the slow upward movement of spool assembly
216 continues, the O-rings 264 and 266 will move up-
ward into bore 252 past the radial slots 254 thus trap-
ping the well fluid sample in sample chamber 238 be-
low the lowermost seal 266 when the spool valve as-
sembly 216 comes to its final position as seen in
FIGS. 4E-F.
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The opening of blocking valve 170 can be gener-
ally described as releasing the spool assembly 216
from its initial position of FIGS. 2E-F so that it can
move toward its intermediate position of FIGS. 3E-F
wherein the sample can be drawn into the sample
chamber 238, and so that it can subsequently move
to its final position of FIGS. 4E-F wherein the sample
is trapped in the sample chamber 238.

The spool assembly 216 can be referred to as a
sampling valve assembly 216 received in the first oil
housing section 56 and first sample valve housing
section 58 of housing assembly 42. The differential
area between seals 228 and 234 on upper portion 218
of spool assembly 216 can be described as defining
a power piston associated with the assembly 216
which power piston has its lower side communicated
with the housing exterior through fill port 236 and
through a secondary power port 237 and having its
opposite side communicated with the low pressure
zone 168 through oil chamber 208, orifice 214 and
hydraulic blocking valve 170.

The hydraulic blocking valve 170 can be general-
ly described as being disposed hydraulically between
the power piston defined on upper spool portion 218
and the low pressure zone 168. In its closed position
of FIG. 2D, the hydraulic blocking valve 170 hydraul-
ically blocks the spool assembly 216 from moving,
and in its open position as shown in FIG. 3D, the hy-
draulic blocking valve 170 permits the spool assem-
bly 216 to be moved upward by a differential pressure
between the housing exterior and the low pressure
zone 168. It will be understood that only a portion of
this differential pressure is actually seen across the
area between seals 228 and 234 since there is a sub-
stantial pressure drop through orifice 214.

Methods Of Taking Well Fluid Samples

Methods of taking well fluid samples using the
apparatus 40 run on the coiled tubing string 30 can
be generally described as follows.

The sampling tool 40 is run into the well 10 on the
coiled tubing string 30.

As the coiled tubing string 30 and sampling tool
40 are run into the well, the coiled tubing string 30 is
allowed to fill with well fluid through run-in fill ports
90 as is permitted by the one-way check valve means
114.

After the valve apparatus 40 is located at a de-
sired position in the well at which it is desired to draw
and trap a well fluid sample, such as for example the
position illustrated in FIG. 1, this is accomplished by
increasing tubing pressure within the coiled tubing
string. Inresponse to that increase in tubing pressure,
several things happen.

First, the ball check valve means 114 will close
thus closing the run-in fill ports 90. Then, when the
downwardly acting pressure differential acting on the
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relief valve sleeve 92 and ball check 108 reaches a
first value sufficient to shear shear pins 156, the ac-
tuator shaft 120 will push the first actuator rod 154
downward thus opening blocking valve 170 to actuate
the sampling valves associated therewith. This actua-
tion or initiation of the sampling operation can be de-
scribed as beginning when the blocking valve 170 is
opened. It will be understood that after the blocking
valve 170 opens, a significant time on the order of fif-
teen to thirty minutes will pass as the spool assembly
216 moves upward allowing a sample to be drawn in
and trapped in sample chamber 238.

Shortly after the initiation or actuation of the
sampling device by opening of blocking valve 170,
continued increase in pressure in the coiled tubing
string 30 will cause the shear pins 122 to shear thus
allowing the relief valve sleeve 92 and actuator sleeve
94 to move downward from the position of FIGS. 3A-
3B to the position of FIGS. 4A-4B thus opening the
drain ports 86 and thus communicating the tubing
bore of coiled tubing string with the surrounding well
bore.

Subsequently, the coiled tubing string 30 and
sampling tool 40 are retrieved from the well 10 and as
they are retrieved, fluids contained in the tubing bore
of coiled tubing string 30 are allowed to drain there-
from through the drain ports 86.

When the sampling operation is conducted in a
substantially deviated well having a horizontal well
bore portion 18, the sampling tool 40 is run into the
substantially horizontal bore portion 18 by pushing
the sampling tool 40 with the coiled tubing string 30.
Thus the apparatus disclosed herein is particularly
useful in taking well fluid samples from substantially
horizontal bore portions of wells.

Further, by using the tandem sampling apparatus
shown in FIG. 2A-2L, two fluid samples can be sep-
arately drawn and trapped at the same time. If more
than two samples are desired, it will be apparent that
additional sampling sections could be easily connect-
ed to the lower end of the tool 40 with each sequential
lower section being triggered or actuated by down-
ward movement of a floating piston such as floating
piston 268 which actuates the second sampling de-
vice.

The system disclosed also allows easy and accu-
rate control of the sampling operation since the sam-
pling operation is performed in response to the appli-
cation of an increase in fluid pressure to the coiled
tubing string 30 by applying pressure thereto from
pressure source 34 under control of valve 38 at the
surface location.

One advantage of providing surface control of
pressure actuation through applying pressure to the
bore of coiled tubing string 30, as contrasted for ex-
ample to the use of hydrostatic pressure in the well for
actuation of the tool, is that in long horizontal sections
the hydrostatic pressure of the well is substantially
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10

constant and thus cannot be relied upon to actuate
the tool at a preferred position within the horizontal
portion of the well.

Additionally, by providing surface control of ac-
tuation of the tool, the operator of the well can wait un-
til the well is in exactly the condition which is desired
to be sampled and then can rapidly cause the sample
to be taken by pressuring up the tubing bore of coiled
tubing string 30.

Due to the presence of one-way check valve 114
and run-in fill ports 90, as the coiled tubing string 30
is run into the well, it is allowed to fill with well fluid
thus preventing collapse of the coiled tubing string 30
due to differential pressures acting thereacross. This
one-way check valve means 114 immediately closes
when pressure in the tubing bore of coiled tubing
string 30 exceeds well bore pressure as shown in FIG.
3A. The closing of check valve means 114 can be de-
scribed as isolating the tubing bore of coiled tubing
string 30 from the well.

Thus it is seen that the apparatus and methods
of the present invention readily achieve the ends and
advantages mentioned as well as those inherent
therein. While certain preferred embodiments of the
invention have been illustrated and described for pur-
poses of the present disclosure, numerous changes
may be made by those skilled in the art which
changes are encompassed within the scope and spirit
of the present invention as defined by the appended
claims.

Claims

1. A coiled tubing conveyed sampling apparatus
(40) which comprises an actuator housing
(44,46) having a housing interior (80) and having
a proximal housing end (82) including connector
means (84) for connecting said housing to a
coiled tubing string (30) so that a tubing bore
(100) of said coiled tubing string communicates
with said housing interior (80); check valve
means (114), disposed in said housing interior
(80) for allowing well fluid from a well bore to fill
said tubing bore of said coiled tubing string as
said sampling apparatus is run into said well bore
on said coiled tubing string (30), and for isolating
said tubing bore (100) from said well bore when
pressure in said tubing bore exceeds pressure in
said well bore; a sampling tool attached to said
actuator housing (44,46); and pressure respon-
sive actuator means (92,94,120,114) disposed in
said housing interior for actuating said sampling
tool in response to pressure in said tubing bore
(100) exceeding pressure in said well bore by a
first value so that a well fluid sample is trapped
in said sampling tool.
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Apparatus according to claim 1, further compris-
ing relief and drain valve means (92,94,122,86)
for relieving pressure from said tubing bore (100)
to said well bore when pressure in said tubing
bore (100) exceeds pressure in said well bore by
a second value greater than said first value, and
for allowing fluid to drain from said tubing bore
(100) when said coiled tubing string (30) and said
sampling apparatus (40) are retrieved from said
well bore.

Apparatus according to claim 2, wherein said re-
lief and drain valve means (92,94,122,86) in-
cludes a relief port (86) defined in said actuator
housing (44,46) and a sliding sleeve valve (92) re-
ceived within said housing interior (80) and slid-
able from a first position wherein said relief port
(86) is closed to a second position wherein said
relief port (86) is open; and said check valve
means (114) is carried within said sliding sleeve
valve (92).

Apparatus according to claim 3, wherein said
sliding sleeve valve (92) and said check valve
means (114) comprise a part of said pressure re-
sponsive actuator means (92,94,122,86); and
said pressure responsive actuator means further
includes an actuator shaft (120); and releasable
attachment means (122) for initially releasably
attaching said sliding sleeve valve (92) to said ac-
tuator shaft (120) and for releasing said sliding
sleeve valve (92) from said actuator shaft (120)
after said sampling tool is actuated and before
said relief port (86) is opened.

A method of collecting a well fluid sample from a
well, which method comprises running a sam-
pling tool, as claimed in any of claims 1 to 4, into
a well on a coiled tubing string; and actuating the
sampling tool by increasing fluid pressure in said
coiled tubing string to trap well fluid sample
therein.
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